Abstract Non-isotopic polymerase chain reaction (PCR)-based single-strand conformation polymorphism and sequence analyses of the second internal transcribed spacer (ITS-2) of nuclear ribosomal DNA (rDNA) were utilized to genetically characterise ascaridoids from dogs and cats from China by comparison with those from other countries. The study showed that Toxocara canis, Toxocara cati, and Toxascaris leonina from China were genetically the same as those from other geographical origins. Specimens from cats from Guangzhou, China, which were morphologically consistent with Toxocara malaysiensis, were the same genetically as those from Malaysia, with the exception of a polymorphism in the ITS-2 but no unequivocal sequence difference. This is the first report of T. malaysiensis in cats outside of Malaysia (from where it was originally described), supporting the proposal that this species has a broader geographical distribution. The molecular approach employed provides a powerful tool for elucidating the biology, epidemiology, and zoonotic significance of T. malaysiensis.
Introduction
Parasitic nematodes of the superfamily Ascaridoidea infect all major groups of vertebrates, and some genera and species are of major socio-economic significance. A particularly important genus is Toxocara, because some Toxocara species are transmissible from animals to humans (i.e., zoonotic) and can cause significant clinical disease (Pawlowski 2001; Despommier 2003; Fisher 2003) . For instance, the larvae of Toxocara canis are capable of invading human tissues and causing ocular larva migrans (OLM), visceral larva migrans (VLM), eosinophilic meningoencephalitis (EME), and/or covert toxocariasis (CT) (e.g., Cypess 1982; Schantz 1991; Taylor 1993; Vidal et al. 2003) .
Studies in Malaysia (Rohde 1962; Lee et al. 1993 ) had originally described the occurrence of a parasite in cats, which was identified as T. canis, based on the presence of an oesophageal ventriculus and spear-shaped cervical alae in the adult (Sprent 1958) . This parasite differed from T. cati, which possesses arrow-shaped cervical alae and from T. leonina, which lacks a ventriculus (Sprent 1956 (Sprent , 1958 Sprent and Barrett 1964) . As T. canis had been found only rarely in cats elsewhere (Hitchcock 1953; Ash 1962; Parsons 1987; Baker et al. 1989) , there was considerable uncertainty as to the specific identity of this parasite in Malaysian cats. Therefore, a study was undertaken to genetically characterize this parasite, named Toxocara sp. cf. canis (see Zhu et al. 1998) . Based on the analysis of sequence data for the first and second internal transcribed spacers (ITS-1 and ITS-2, respectively) of nuclear ribosomal DNA (rDNA), Toxocara sp. cf. canis from Malaysian cats was considered to represent a separate species from T. canis and T. cati, being genetically more similar to T. cati than to T. canis.
The conclusion, based on molecular analyses, was supported by a subsequent morphological study of ascaridoids from Malaysia (Gibbons et al. 2001) , which included specimens from cats used for the molecular study. Three morphological parameters (for lips, alae, and spicules) were defined, which consistently differentiated Toxocara sp. cf. canis from T. canis, T. cati, and other members of the genus, such as T. tanuki (from canids), T. apodemi and T. mackerrasae (from rodents), T. paradoxura and T. sprenti (from viverrids), T. vajrasthirae (from mustelids), and T. pteropodis (from bats). Hence, the findings from both the molecular and taxonomic studies supported the conclusion that Toxocara sp. cf. canis represented a distinct species of Toxocara, and was named T. malaysiensis (Gibbons et al. 2001) .
As proposed previously, discovering T. malaysiensis in Malaysian cats has raised doubt about the specific identity of ascaridoids considered to represent T. canis from cats in other geographical regions (Gasser et al. 2006 ) and provides a stimulus for the genetic characterization of Toxocara species from carnivores from other geographical origins of the world. Therefore, the objective of the present study was to genetically characterize ascaridoids from cats and dogs in China and other countries using non-isotopic single-strand conformation polymorphism (SSCP) and sequencing analyses of ITS-2 rDNA, with a particular focus on T. malaysiensis.
Materials and methods

Parasites and DNA extraction
Forty-six specimens of ascaridoid were collected from dogs and cats from different geographical regions in China and other selected countries (Table 1) . Adult specimens were identified as T. canis, T. cati, and Toxascaris leonina using existing keys and descriptions (Sprent 1956 (Sprent , 1958 Sprent and Barrett 1964; Skrjabin et al. 1991) , and specimens consistent in morphology to T. malaysiensis were identified as described previously (Gibbons et al. 2001) . Total genomic DNA was extracted from portions of individual specimens by a method of sodium dodecyl sulphate/proteinase K (Merck) treatment, column-purified (Wizard DNA Clean-Up, Promega) and eluted into 40 μl of distilled H 2 O (Zhu et al. 1998) . DNA samples from dog and cat musculature and from adult specimens of Ascaris (from pig) and Toxocara vitulorum (from cattle) were prepared in the same manner and used as controls.
Enzymatic amplification of the ITS-2
The ITS-2 (including primer flanking sequences) was amplified by PCR from parasite DNA using primers XZ1 (forward, 5′-ATTGCGCCATCGGGTTCATTCC-3′) and NC2 (reverse, 5′-TTAGTTTCTTTTCCTCCGCT-3′) (Zhu et al. 2000 (Zhu et al. , 2002 . PCRs were performed in a thermal cycler (Biometra) in 50-μl volumes using 50 pmol of each primer, 250 μM of each dNTP, 3.0 mM MgCl 2 , and 2 U Taq polymerase (Takara) under the following conditions: after an initial denaturation at 94°C for 5 min, 35 cycles at Non-isotopic SSCP analysis of ITS-2 amplicons and selective sequencing
The ITS-2 amplicons were subjected to non-isotopic SSCP analysis, as described previously (Li et al. 2005) . In brief, each amplicon (10 μl) was mixed with equal volume of loading buffer (10 mM NaOH, 95% formamide, 0.05% bromophenol blue, and 0.05% xylene cyanol). After denaturation at 94°C for 5 min and snap-cooling on a freeze block for 3 min (−20°C), 20 μl of individual samples were loaded into 0.75-mm thick wells, 0.5×MDE gel (=mutation detection enhancement, BMA), and subjected to electrophoresis in a Mini-Protean 3 Cell (Bio-Rad) at 120 V and 18×°C for 4-5 h using 0.5×TBE as the buffer. After electrophoresis, gels were stained with ethidium bromide for 30 min and photographed upon ultraviolet transillumination.
Representative amplicons were selected and purified over spin columns (Agarose Gel DNA Purification Kit Ver.2.0, Takara) and sequenced from both strands using the same primers as used in the PCR. The sequences were edited and aligned using program Seqman (DNASTAR), and compared with the ITS-2 sequences of T. canis, T. cati, T. malaysiensis, and Ta. leonina published previously (Accession nos. Y09489, Y09493, AJ002440, and Y09490; Jacobs et al. 1997; Zhu et al. 1998 ).
Results and discussion
On agarose gels, the 46 amplicons represented single bands and were approximately 420-500 bp in size (cf. Fig. 1 ), corresponding to the expected sizes (e.g., Jacobs et al. 1997; Zhu et al. 1998 Zhu et al. , 1999 . Among amplicons, there was a difference in size among genera, but no detectable variation within the genus Toxocara on agarose gels. No products were amplified from the host or no-DNA control samples (Fig. 1) .
All 46 ITS-2 amplicons were then subjected to nonisotopic SSCP analysis, which allowed the reproducible display of sequence variation within and among amplicons. Samples representing all of the detectable variation were selected and run on a final gel (Fig. 1) . While no profile variation was detected among individuals within each T. canis and T. cati, subtle micro-heterogeneity was displayed among individuals of T. malaysiensis (Fig. 1, arrowed) , and there was a clear delineation among the four ascaridoid species from cats and dogs (Fig. 1) . All specimens considered to represent T. malaysiensis from China possessed the same SSCP profile as sample GZTmal1 (Fig. 1, lane 8) , and those from Malaysia all had the same profile as that of Tmal2 (Fig. 1, lane 9) .
Selective DNA sequencing supported the findings achieved by the SSCP analysis. There was no sequence variation in the ITS-2 of either T. canis or T. cati between specimens from China and other geographical origins (Australia and the UK; cf. Zhu et al. 1998 ). The ITS-2 sequences (accession no. AM231609) from two specimens (GZTmal1 and GZTmal2) from cats from China and identified morphologically as T. malaysiensis were the same as two specimens (MTC2 and MTT1) from Malaysia, with the exception of possessing a polymorphic nucleotide position (sequence position 137, accession no. AM231609). This polymorphism was considered to represent population variation within T. malaysiensis.
The genetic characterization of ascaridoids from cats and dogs from China has confirmed the existence of T. malaysiensis in cats in Guangzhou, China, which indicates that this species has a broader distribution than just Malaysia. The discovery of T. malaysiensis in cats in Guangzhou and the approaches taken should have implications for the characterization of ascaridoids from cats considered to represent T. canis in other geographical regions.
The occurrence of T. malaysiensis in cats in Guangzhou, China may have public health implications. It has been shown that larvae of T. cati, T. vitulorum, and Ta. leonina can invade the tissues of laboratory animals, but there has been uncertainty as to what extent they are implicated in human disease (Smith 1993; Miyazaki 1994; Thompson 1994) . Nonetheless, a recent review provides evidence that T. cati represents an underestimated zoonotic agent (Fisher Fig. 1 Analysis of ITS-2 amplicons derived from individual specimens representing species of Toxocara, Toxascaris, and Ascaris by agarose gel electrophoresis (upper) and non-isotopic SSCP (lower). Lanes 1 to 9 represent specimens representing A. suum (sample ZJAsum1), T. vitulorum (sample Tvit3), Toxascaris leonina (sample TleoDJ1), T. canis (samples GZTcan1 and Tcan6), T. cati (samples Tcat8 and GZTcat4), and T. malaysiensis (samples GZTmal1 and Tmal2). Lanes 10 and 11 represent dog and cat DNA, respectively. M represents a DNA size marker (ordinate values in bp). The arrow indicates microheterogeneity in the SSCP profiles between samples GZTmal1 and Tmal2 2003). As T. canis is transmissible to humans, it is suspected that other members of the genus, such as T. malaysiensis, are also involved in human toxocariasis, although it remains uncertain to what extent in different countries. It is also important to appreciate that a number of other ascaridoids can invade human tissues as larvae (and cause disease) and that they can be difficult or impossible to differentiate from species of Toxocara using morphological criteria, particularly given their small size and lack of distinguishing features. It is hypothesized that T. malaysiensis is not host-specific and that it is a zoonotic parasite. This hypothesis should be tested. Also, investigations into the infectivity of mice, pigs, and other hosts with T. malaysiensis eggs, as well as epidemiological surveys of human toxocariasis, should be conducted employing the molecular tools utilized herein.
